Abstract-This paper is concerned with the current ripples which originate from the current measurement errors of a doubly-fed induction generator (DFIG).
I. INTRODUCTION
The doubly fed induction generator (DFIG) [1] [2] [3] [4] [5] [6] [7] [8] [9] is a competitive choice in the wind power industry for allowing direct connection of the stator to the AC grid under variable rotor speed as well as for providing P-Q control. Depending on the required speed range, the rotor converter rating is usually small compared to the machine rating. Therefore, a DFIG is ideal for applications such as wind, pumped storage, and micro-hydro power plants which inherently favor variable speed operation. There is increasing concern about the rotorside harmonics in DFIGs. The rotor-side converter provides a fundamental voltage of the slip frequency to the rotor side. The vector control of the rotor current is introduced in order to effectively control the active and reactive power in the output terminal of DFIG. Therefore, the precise measurement of the rotor currents is very important [10] [11] [12] [13] [14] [15] . The rotor-and gridside currents are measured by using the current sensors, low pass filters and A/D converters. The errors are generated due to the non-linearity of the current sensors, quantization error of A/D converters, and the thermal drift of the analog electric elements [16] [17] [18] . These errors deteriorate the performance of the DFIG drive system. Previous researchers have considered the harmonics transfer from the rotor-side to the grid-side of the machine. This paper proposes a new algorithm to compensate the current measurement errors in the DFIG system. It is easily implemented by integrating 3-phase currents in the stationary reference frame without a calculation of complex equations like FFT and d-q transformation. Therefore, it requires less computation time and low performance DSPs to be implemented. The usefulness of the proposed algorithm is verified through the computer simulation and the experimentation. II. DESCRIPTION OF DFIG [1] [2] [3] [4] [5] [6] [7] [8] [9] The configuration of a DFIG system is shown in Fig. 1 . The vector control strategy of the power converter is based on the stator flux oriented control. Since stator is connected to the grid, the stator magnetizing current can be considered constant. Under stator-flux orientation, stator fluxes in a stationary reference frame can be calculated as follows: 
In the synchronous reference frame, the d-axis flux is a constant and q-axis flux is nearly zero. The voltage equations and stator flux are
Active and reactive powers at the stator-side are given by (9) , and (10).
From (5), (6), (7), and (8), active and reactive powers can be rewritten as follows:
III. THE ANALYSIS OF CURRENT MEASUREMENT ERROR [16, 17, 18] 
A. Offset Errors
The offset errors may be caused by an imbalance of current sensors and measurement path or other problems as mentioned above. In a 3-phase system, the offset errors are calculated as: (17) and (19) , and have the fundamental components of the slip frequency.
B. Scaling Errors
Scaling error may be caused by the non-linearity of the current sensor itself, the OP-amp circuit between the current sensors and A/D input, and the non-linearity of A/D converters. If the rotor currents contain a scaling error, they can be expressed as (20) , and (21) . Where, K a and K b denote the scale factor of a-, and b-phase currents, respectively. θ sl represents the rotor position or slip angular velocity.
From (20) , and (21), the scaling errors of the measured synchronous d-and q-axis currents can be derived as 
IV. PROPOSED COMPENSATION ALGORITHM

A. Compensation of Offset errors
Integration of a-and b-phase currents from 0 to 2π are calculated to derive offset errors as in (26) 
from (26), and (27). Therefore, the offset error components are easily obtained as shown in (26), and (27).
B. Compensation of Scaling errors
From (21) and (22), the scaling errors can be derived by integrating a-, and b-phase currents from 0 to π in the stationary reference frame as shown in (28), and (29) respectively. The error components of the scaling can be obtained as shown in (28) 
C. The implementation for the compensation of the offset and scaling errors
The main control block diagram of the proposed method is shown in Fig. 1 . The magnitude information of offset and scaling errors is used in (26), (27), (28), and (29) to be compensated. The proposed compensation algorithm is easily implemented just by integrating a-, and b-phase currents in the stationary reference frame. Therefore, the much computation time is not needed to compensate the current errors compared to the conventional algorithms [16] [17] [18] . Some experimental results will help evaluate the feasibility of the proposed algorithm in the real situation. The offset and scaling errors are given as ΔI ar = 0.5 A, ΔI br = 0.2 A, K a = 1.1 and K b = 0.9 for the experimentation. Fig. 7 shows the experimental d-q current waveforms in the synchronous reference frame without the compensation of the current measurement errors. This figure shows the d-q current ripples of one, and two times of the fundamental slip frequency due to offset and scaling errors, respectively. The compensation effects are shown in Fig. 8 . The current ripples are decreased more clearly via FFT results. Fig. 9 shows the process of the compensation as described in the flow chart from Fig. 3 . After the compensation processing of the offset errors, the scaling is performed. 
VI. CONCLUSIONS
This paper analyzes the effects of the current measurement errors in a doubly-fed induction generator. The ripples of active and reactive power can be caused by the current measurement errors.
In this study, the new compensation algorithm was proposed to compensate the offset and scaling errors by integrating 3-phase rotor currents in the stationary reference frame. Therefore, this algorithm has the following attractive features: easy implementation, less computation time, and robustness to the variation of the electrical parameters because any electrical parameters are not needed to implement this method. The experimental results verify the effectiveness of the proposed compensation method.
